. The initial and final pH of the reaction was measured using Sentron 1001 pH meter. The reactions for both compounds were carried out in polytetrafluoroethylene-lined stainlesssteel containers under autogenous pressure. The vessel was volume 23 mL and was filled approximately to 40% capacity. X-ray crystallography. Structural measurements for 1 and 2 were performed on a STOE STADI4 12 four-circle diffractometer using graphite monochromatized Mo-Ka (2) reflections in the ranges of 9.6 < θ < 10.5× (1) and 9.7 < θ < 10.4 o (2), respectively. Intensities of three reflections monitored periodically exhibited no significant variation. The structures were solved by direct method 13 and refined on F 2 by full-matrix least-squares procedures. 14 All nonhydrogen atoms were refined using anisotropic thermal parameters. The carbon and oxygen-bound H atoms were positioned geometrically [U(H) = 1.2Ueq(C) and 1.5Ueq(O)], and were included in the refinement in the riding-model approximation. The ware H atoms were located in a difference Fourier map and were refined with a distance restraint of O-H = 0.85 Å; their displacement parameters were freely refined. In the compound 2, two solvated water molecules are located as positional disorder.
A summary of crystal data and structure refinement for the compounds 1 and 2 are listed in Table 1 .
Results and Discussion
Synthesis. Both compounds 1 and 2 were synthesized from the reaction mixtures of Cu(OAc)2·H2O, 4,4'-bipy, H3PO4, and H2O in the mole ratio 1.00 : 1.00 : 1.23 : 278 at 170 (1) and 200 °C (2), respectively, by the hydrothermal technique. Though the starting material in the synthesis of compound 2 was divalent Cu(OAc)2·H2O, the hydrothermal reaction afforded monovalent complex. The oxidation state of Cu(I) as expected from overall charge considerations for the complex 2 indicates that Cu(II) has undergone reduction process during the synthesis. Some similar complexes are presented, which implies that Cu(II) can be reduced to Cu(I) by 4,4'-bipy or pyridine derivatives under hydrothermal conditions. 15, 16 Crystal structure of compound 1. The ortep drawing of the compound 1, as shown in Figure 1a 17 Two bipy and two phosphate ligands are located at trans position Table 2 . Selected bond lengths (Å) and angles (°) for 1 and 2 Table 3 .
to each other, respectively. The 4,4'-bipy ligand possesses typical geometrical parameters, and their non-hydrogen atoms for each pyridyl group are essentially planar (rms deviations; 0.002 Å for N1C1-C5 and 0.015 Å for C6-C10N3 plane) with the dihedral angle 21.7(3) o between them. The rms deviation of the N2O2 plane is 0.008 Å and dihedral angles to the adjacent pyridine ring of 4,4'-bipy are 21.7(3) and 28. 6(3) o for the plane N1C1-C5 and N2C11-C15, respectively. The two phosphate ligands are coordinated tetrahedrally to the metal. The average P-O distance in two crystallographically distinct P atoms is 1.54(1) Å ( Table  2 ). The long distances of P(1)-O(3)=1.57(1), P(1)-O(4)= 1.56(2), P(2)-O(7)=1.56(1), and P(2)-(O8)=1.57(1) Å suggest that oxygen atoms are protonated. 18 The P-O distances agree well with those reported for similar compounds. 18, 19 The bond distances between Cu 2+ ion and non-coordinated water oxygen atoms are 2.64(2) and 2.74(2) Å, which are far from the distances 2.000(2)-2.329(3) Å for the copper(II)-coordinated water compounds.
20
Although the compound 1 does not form a polymeric structure with the help of bridging 4,4'-bipy ligands as in the case of 2, the presence of intermolecular hydrogen bonding between the protonated oxygen and terminal oxygen atoms of phosphate ions (P-OH…O-P), and between the phosphate oxygens and solvated water molecules (P-O…H-Ow) results in the formation of hydrogen-bonded two-dimensional polymeric network (Fig. 1b) . Meanwhile, this 2D sheet is also connected through single hydrogen bonding between another protonated oxygen atoms of phosphates and the pyridyl nitrogen atoms of 4,4'-bpy (Fig. 1c) . The D…A bond distance and D-H…A angles are listed in Table 3 . The values are well in the range suggested for similar O-H… O(N) hydrogen bonds.
10,21
Crystal structure of compound 2. The polymeric structure of 2, as shown in Figure 2 Table 2 lists selected bond distances and angles for 2. The Cu-O and Cu-N(av) bond distances are 2.343(5) and 1.920(4) Å, respectively, which agree well with those reported for similar compounds. 20a The distances between the two copper atoms connected by 4,4'-bipy is 10.941(3) Å, which is similar to those reported in reference. 22 The bipy-Cu-bipy chain is not linear, the N-Cu-N angle is 155.8 (2) The phosphate groups protrude from the chain alternately on different sides with the remaining one non-coordinated oxygen atoms and two protonated OH being exposed to solvated water molecules for possible hydrogen bonds. As in the case of 1, the PO 4 bond distances are in the range of 1.502(5)-1.542(2) Å, which is close to those found in related compounds. 19a,b,20a The distances of P (1) Table 3 .
cations are +0.818 and +5.15, respectively. The adjacent linear chains, as shown in the extended structure (Fig. 2b) , are assembled through hydrogen-bondings between phosphate oxygens (P-OH…O-P) to accomplish two-dimensional network. In addition, the hydrogen bonds through non-coordinate water molecules to phosphates or adjacent another water molecules (P-O…H-Ow, and Ow-H… Ow) are also expected. However, it is inappropriate for hydrogen-bonding because of the solvated water molecules are disordered over two positions. The distances and angles involved are listed in Table 3 . These data are well within the range as in the case of 1. In both complexes 1 and 2, it is noteworthy that phosphate acts as terminal compared to many phosphate-bridged copper(II) organic-inorganic hybrid compounds isolated up to now. 19a,b,20a The IR spectra of both complexes include strong bands at 3451 and 3385 cm −1 for 1 and 3467 cm −1 for 2 correspond to the stretching vibrations of O-H groups, and the very strong bands due to the P-O stretching vibration are observed at 1089 and 1058 cm −1 for 1 and 2 compound, respectively.
19a,c TG analysis of both compounds 1 and 2 were carried out under a flow of nitrogen atmosphere in the range from 0 to 800 °C using heating rate of 10 °C min
. The TGA curves of each compounds exhibited multi-step decomposition process. The complex 1 is stable up to 156 °C, above which three abrupt weight losses of 16.55, 15.34, and 5.50% were observed in the temperature range 156-191, 191-259, and 259-331 °C, respectively, followed by a gradual weight loss of 24.92% above 331 °C. These results implies that two moles of water molecules per formula unit (calculated value 5.94%) and 4,4'-bipy groups may be lost synchronously. The total weight loss of 62.31% is more than the calculated value (57.49%) corresponding to the losses of two moles of water molecules and 4,4'-bipy ligands, implying that some unknown decomposition procedures may happen at the higher temperature. However, complex 2 reveals the weight loss of 7.91% from 50 to 106 °C corresponding to a water molecule per formula unit (calculated value 5.38%). The thermal decomposition behaviors above 106 °C are similar to the complex 1. There is a further 49.02% weight loss in continuous steps up to 800 °C, which compares with the calculated loss (46.66%) for the 4,4'-bpy ligand.
In conclusion, two new inorganic-organic hybrid solids, [Cu II (4,4'-bipy) 2 
